ABSTRACT.--We compared reproductive performance of five species of seabirds at two colonies, St. George Island (2.5 million birds) and St. Paul Island (250,000 birds), in the southeastern Bering Sea. All species had lower chick growth rates at the larger colony, and the differences were statistically significant in four species. Fledge weights of Common Murres (Uria aalge) on St. George Island were 84-88% of those on St. Paul. Average fledge weights of Thick-billed Murres (Uria lomvia) on St. George were only 74% of those for chicks from St. Paul. We found no significant differences in clutch size or breeding success between populations breeding at the two colonies. For three species, Black-legged Kittiwakes (Rissa tridactyla), Common Murres, and Thick-billed Murres, we extended our analysis to include published data from other colonies. We examined breeding performance as a function of colony size, population size (suggestive of intraspecific competition), and "effective colony size," the sum of the populations of species with considerable dietary overlap (suggestive of interspecific competition for food). We found consistently negative relationships between population size and several measures of breeding performance (clutch size, growth rate, fledge weight, and breeding success). In addition to the lower breeding success at colonies that support large populations, chicks from these colonies may be subject to higher postfledging mortality because of fledging at lower weights. To test whether reproductive achievement showed density-dependence at other locations (see Appendix), we assembled published data on Black-legged Kittiwakes (BLK), Common Murres (CM), and Thickbilled Murres (TBM). When studies presented several years of data, we used only the maximum value, as this provides a measure of how well pairs in a colony of a particular size can do. Additionally, multipleyear studies were more likely to report a year of reproductive failure than single-year studies; these failures often were due to stochastic factors (e.g. weather). The use of maximum values reduced the bias different lengths of study (years) introduced to estimates of average breeding success. We examined clutch size (BLK), growth rates (BLK, CM, TBM), fledge weights (CM, TBM), and breeding success (BLK, CM, TBM). For each species we calculated Pearson partial correlation coefficients for each reproductive measure against colony size, population size, and effective colony size. The partial correlations represent the unique effects of colony size, population size, and effective colony size; the intercorrelation between these variables has been removed.
THERE is now mounting evidence that repro-
. We compared reproductive performance of five species of seabirds to look for evidence of density-related depression of reproduction.
In addition, we examined reports of kittiwake and murre reproductive performance in other colonies to determine whether a density-dependent relation exists generally. To partition the possible effects of intra-and interspecific competition, we also examined reproductive performance for negative relationships with population size (indicating intraspecific competition) and "effective colony size," the sum of species with considerable dietary overlap (indicating interspecific competition for food). To test whether reproductive achievement showed density-dependence at other locations (see Appendix), we assembled published data on Black-legged Kittiwakes (BLK), Common Murres (CM), and Thickbilled Murres (TBM). When studies presented several years of data, we used only the maximum value, as this provides a measure of how well pairs in a colony of a particular size can do. Additionally, multipleyear studies were more likely to report a year of reproductive failure than single-year studies; these failures often were due to stochastic factors (e.g. weather). The use of maximum values reduced the bias different lengths of study (years) introduced to estimates of average breeding success. We examined clutch size (BLK), growth rates (BLK, CM, TBM), fledge weights (CM, TBM), and breeding success (BLK, CM, TBM). For each species we calculated Pearson partial correlation coefficients for each reproductive measure against colony size, population size, and effective colony size. The partial correlations represent the unique effects of colony size, population size, and effective colony size; the intercorrelation between these variables has been removed.
The partial correlation coefficients were tested using t-tests, and probabilities were calculated for one-tailed tests.
Effective colony size was calculated for a colony by summing the populations of species whose diets were likely to overlap those of kittiwakes and tourres. Species included in the calculation of effective colony size are listed in the Appendix. We used overlap in a very broad sense and excluded only species that fed very far offshore (Manx Shearwater, Puffinus puffinus), on different-size prey (cormorants), or on different prey (planktivores).
RESULTS
Comparison of reproductive performance at the Pribilof Islands.--We found no significant differences in clutch size or breeding success of seabird populations at St. Paul and St. George (Table 3 ). There were significant differences in chick growth rates and fledge weights that, although not affecting reproductive success directly, may affect later survivorship of chicks.
All five species had lower chick growth rates at the larger colony (Fig. 1, Table 3 ), although the difference was not statistically significant for Red-legged Kittiwakes. The largest difference in growth rate was in Thick-billed Murres, with growth rates at the larger colony only 59% of those at the smaller colony. Murre chicks leave the colony when they are three weeks Density-dependence of kittiwake and murre reproduction.--When we examined the effect on reproductive performance of population size, colony size, and effective colony size, reproductive measures showed the most consistently negative relationships with population size (Fig.  2) . Partial correlations for population size were negative in 9 of 9 cases (4 significant, P < 0.05). We combined probabilities (Fisher 1954) for the partial correlations for measures we thought were independent (BLK growth rate, breeding success; CM breeding success, fledge weight; TBM breeding success, fledge weight) and obtained a significant negative relationship between population size and reproductive performance (P = 0.0076, X 2 = 27.0501, 12 df).
Partial correlations between colony size and reproductive performance were negative in 1 of 9 cases (none statistically significant), and those for effective colony size were negative in 4 of 9 cases (again, none statistically significant). The generally positive partial correlations for colony size (8 of 9 cases) were suggestive of a positive relationship, but a two-tailed t-test showed no statistically significant relationship between colony size and reproductive performance.
We considered the possibility that the negative correlation between population size and growth rates or fledge weights of murres might be the result of subspecies differences in adult size. We had sufficient data to examine growth rates for two subspecies of Thick-billed Murre (U. I. lomvia and U. I. arra; Fig. 3 ) and found negative correlations with population size in both cases. It seems unlikely that the negative correlations found in the combined analyses (Fig. 2) Arctic colonies tend to be large, supporting We suggest that many facets of seabird reproductive performance are negatively related to population size, and that these in turn may influence postfledging survivorship. We need to use caution in modeling population dynamics of large seabird populations based on parameters obtained in small populations. If management models for large seabird populations use survivorship values obtained from small populations, and ignore density-dependent influences, then predictions concerning population recovery rates are likely to be misleading. 
